The aim of this project is to do comparative study in calibrating Ir-192 source using well ionization chamber and air measurement using Farmer ionization chamber. To calibrate the Ir-192 using well ionization chamber, the HDR unit was programmed so that the source was at the most sensitive position inside the well-chamber. The charges were measured at 45 second time interval two times using the electrometer operated at +300V and -300V. Sources air kerma strength was determined based on the AAPM task group 43 brachytherapy dosimetry protocol. In the in-air method using the Farmer ionization chamber and calibration jig, the HDR unit was programmed so that the source was at the position that gave the maximum response in the catheter. The source air kerma strength was calculated using a formula proposed by Goestch et al, (1991). The Ir-192 source air kerma strength by the well chamber was 2.7780cGym 2 /h while in the in-air measurement was 2.609cGym 2 /h. Both results are less than 3% from the source strength written in the calibration certificate. The well chamber method is quite direct and less time consuming compare to the in-air measurement and this is the method utilised in HUSM. 
INTRODUCTION
Brachy is from a G reek word for "short", so brachytherapy means short distance therapy. [1] In clinical work, brachytherapy is the used of sealed radioactive sources which is places close proximity to the treatment target volume. 192 Ir is commonly radioactive sources for high dose rate brachytherapy. This is because 192 Ir is an economical and safe especially when the patient load is high. Moreover, 192 Ir has a short half-life that compels the user to change the source at every interval of four to five months [2] .
Frequent calibration of source at the time of source exchange and routine quality assurance of brachytherapy unit require a use of established and recommended calibration procedure [3] . There are two recommended methods for the calibration of 192 Ir sources, first by using re-entrant well-type ionization chamber and second by inair (or Jig phantom) measurement using a Farmer-type ion chamber.
The calibration of brachytherapy sources is dependent largely on the source strength. The strength of a brachytherapy source may be specified in terms of activity, exposure rate at a s pecified distance, equivalent mass of radium, apparent activity, or air kerma strength.
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The American Association of Physicist in Medicine (AAPM) recommends air kerma strength , S k is specified as tern for brachytherapy source strength [4] .
In practice, S k is determined from exposure rate (X) measured in free air at a distance of 1 m from the source. There are generally three different methods of measuring the air kerma rate based source strength: (1) Measurement of air kerma rate in an in air set-up using an adequately calibrated ionization chamber and the extraction of the source strength;(2) Measurement using an in reference air kerma rate KR or equivalently air kerma strength S K calibrated well-defined chamber; and (3) Measurement using a solid phantom of well-defined geometry which is supplied with correction factors for extracting the source strength from the measured charge or current by using an ionization chamber.
In in-air calibrations, the measured charge or current is strongly dependent on the measurement distance and errors in the distance may lead large uncertainties in the source calibration. [5] To improve accuracy, several distances should be used for calibration using in-air measurement. Even though well type chamber provide an easy, fast and reliable method for source calibration, it must be set in mind that in-air calibration is a more fundamental method. When the electrometer was turned on, the battery status was checked to make sure power was adequate. The Zero Adjust Procedure was performed to attain 0.00nA so that there are no counts registered. The Mode Selector Switch was set to ZERO when the zero bar was displayed on the LCD. The Zero Adjust Knob was adjusted until the lit square on the bar stop moving and the ok message was displayed.
The well-chamber was placed in the same room as the HDR unit for at least 30 minutes before the measurement to allow it to equilibrate to ambient temperature and pressure. The well-chamber was use with the microSelectron HDR remote afterloading unit and connected to the Standard Imaging CDX-2000A electrometer outside the treatment room. The electrometer and HDR unit were warmed up for 10 minutes. The calibration of the measuring system was performed by the University of Wisconsin ADCL which supplied the 192Ir air kerma strength calibration factor for the instrument [6] Well ionization chambers will respond to scatter radiation. Hence, when used, they should be placed well away from walls that may scatter radiation back to the chamber. They should be used in the same location, in a constant geometry, in a r eproducible manner. If moved from one location to another where the actual measurements are made, allow adequate time for the well chamber to reach equilibrium temperature with the air in the room [7] .
By using an endobronchial catheter, the chamber was connected to one of the channel at HDR remote afterloading unit. The temperature and pressure inside the treatment room was measured and recorded. The temperature and pressure correction factor, C T, P was calculated using the equation below: [8] C T, P = 273.15+
295.15+ 0 760
Where T is the temperature in 0 C and P is the pressure expressed in Torr (mmHg at 0 0 C). When the system had warmed up, the back dot on the well insert was aligned to the punch mark on the body of the chamber. The catheter end was inserted to the centre of the chamber through the HDR Iridium source holder insert.
Normally, the most sensitive spot for the HDR 1000 plus chamber is between 50 and 53 mm from the bottom of the source tube (Standard Imaging HDR 1000 pl us ionization, 1997).
The HDR unit was programmed so that the source moved in 2.5 mm step from the top to the bottom of the chamber and the cable length was 995 mm. Charge in nanoCoulombs (nC) was collected twice at +300V for 30 seconds using an electrometer. The electrometer was switched to RESET mode after recording the charge reading; then switched to START mode when the source was at another position. This was to make sure the charge was measured at the selected position. The position where most charge was collected is the most sensitive position of the chamber, then the most sensitive position verified.
After verifying the most sensitive position, the HDR unit was programmed so that the centre of the 192 Ir source was at the position in the catheter corresponding to the most sensitive position of the chamber for 500 s econds. The charge was then measure at 45 seconds interval for twice times using the electrometer at +300 V,-300 V, +150 V and -150 V respectively. This is to obtain the correction for collection efficiency at the time of calibration.
The charge would only collected when the treatment LED stopped blinking in order to make sure the source was at the selected position. After waiting for 2 minutes, the voltage polarity was changed. This is to minimize the polarity effect and to let the electrometer stabilize. All the electrometer reading were recorded and converted to current.
The source air kerma strength was determined by using the AAPM Summer School 1994; brachytherapy physics S k = N sk x C T, P x A ion x A Where: S k is the air-kerma strength of the 192 Ir source N sk is the air kerma strength calibration factor for the well type ionization in cGym 2 /Ah C T,P is the correction for temperature and pressure A ion is the correction for collection efficiency at the time of calibration. A is the current measured from the well chamber.
The in-air (jig) method.
The calibration jig was placed on an adjusted table. Following the suggestion of the AAPM Task Group No. 41, Source and chamber should be near the center of a l arge room and well above the floor, to minimize any contribution from room scattering. So, the apparatus was placed more than 1 meter from the floor and ceiling. When the electrometer was turned on, the battery status was checked to make sure power was adequate.
The electrometer and HDR unit were warmed up for 10 minutes. After 10 minutes, the Mode Selector Switch at the electrometer was set to the CHARGE position. The temperature and pressure inside the treatment room was measured and recorded.
The temperature and pressure correction factor,C T, P was calculated using the equation below: 
The temperature and pressure correction factor,C T, P was calculated using the equation below:
The farmer chamber without build cap was placed in the jig chamber holder and connected to the Victoreen electrometer model Max-4000 outside the treatment room. Source to chamber distance used was 10 cm. By using a connecting tube, the catheter fixed at the jig was connected to one of the HDR unit's channel. A Nucletron source position simulator was used to measure the treatment length at a point parallel to the chamber effective point which was 991mm. To make sure the source was at the 991 mm treatment length, a 1cm x 3 cm Gafchromic film was attached at the above point on the catheter. The HDR operation console unit outside treatment room was programmer to move the sources in 2.5mm stepsize. Fig. 2 The connecting tube from remote after loading was connected to the fix catheter at the jig phantom.
After that, the HDR unit was programmed again so thet the source moved 2.5 mm step size from position 18 to position 22; each position time was 610 s econds. . Charge in nanoCoulombs (nC) was collected twice at +300V for 30 seconds using an electrometer. The electrometer was switched to RESET mode after recording the charge reading; then switched to START mode when the source was at another position. This was to make sure the charge was measured at the selected position. The position where most charge was collected is the most sensitive position of the chamber, then the most sensitive position verified (see Table 3 .0 and Table 4 .0). The charge was collected two times using the electrometer at +300 V,-300 V, +150 V and -150 V respectively. This is to obtain the correction for collection efficiency at the time of calibration.
Once the C T, P, the position of maximum response and A ion had been determined, the HDR unit was programmed so that the source moved 2.5 mm step, position number 21 a nd treatment length 994 mm. Two charged were collected at +300 V for 600 seconds each and recorded.
The 192 Ir calibration factor, N k, Ir was determined by interpolation between chamber calibration factors for 250 kV x-rays with a half value layer (HVL) of 2.5 mm Cu and the N k for 60 Co gamma rays. [9] N k, Ir = �0.8� ,250 ,250 �+0.2� , , ��
,
The source air kerma strength was determined by using Goetsch et al. Formula, [10]
Where, K (d) is the air-kerma rate in free space and has units of Gy/h at the distance, d of measurement. Q is the charge collected in the time t Q L is the leakage charge collected in the time t P ion is the correction for collection efficiency C T, P is the correction for temperature and pressure N K is the air-kerma calibration factor A ion is the correction for the collection efficiency at the time of calibration P grad is the gradient, or Kondo-Randolph, correction, and 3600 is the conversion from second to hours.
RESULTS & DISCUSSION

Calibration of Ir-192 using well type ionization and in-air measurement using Farmer type ionization chamber.
In this work, it's was started with verify the most sensitive position for both method. The most sensitive position is determined by measuring the most charge collected at each position. Table 1 .0 shown that the sensitive position for welltype is at position 23 (This position obtain from the highest value of charge collected) while by refer the Table . 2.0, the sensitive position for in-air method is position 21. Both are used the stepsize 2.5mm that being control by the control panel of remote afterloading. After verify the most sensitive position, the charges collected at most sensitive position was measured using electrometer at +300 V and -300V, also +150 V and -150V respectively. This is shown in Table 3.0 and Table 4 .0 The data obtained was useful to calculate the A ion; one of the factor need to consider to obtain the air Kerma strength (using AAPM formula for well-type method and Goestch et al for in-air method). T his is because the recombination correction, A ion may be required if sources with high air kerma rate were used.
Air kerma strength calculation (well -type method).
From the report of calibration for HDR well-type ionization chamber, air kerma strength calibration factor, N sk = 4.632 The AAPM task group recommend that the institution's verification of source strength can only disagree with the manufacturer to within ±10% 1 . When compared the in-air measurement air kerma strength with the value in the certificate, the results agreed to within 2.9%.
This mean both calibration results are acceptable for calibration the source. By referring the Table 4 and Table 5 , it's shown that the percentage different of value calculated with the value from calibration certificate for in-air method is higher (2.9%) compared to well-type calibration (1.3%). This is different from the theory that these two methods should have the same value of the air Kerma strength. This is because these two methods are done in two different days not in the same day. This may cause the half life of Ir-192 sources also different according to the day and the half life is the major factor to determine the source strength.
The well-chamber calibration method is easier, fast and straight forward compared to in-air measurement. The whole well-chamber calibration process only took about an hour to complete but in-air measurement required a few hours. This is due to the complexity of the in-air calibration protocol which requires several correction factors such as the temperature and pressure correction factor, C T,P the correction for collection efficiency at the time of calibration, A ion and the gradient or Kondo Randolph correction, P grad.
Moreover, due to the low activity of the Iridium source used in this work, the in-air calibration took longer time than the expected time. Besides that, the in-air method required a l ot of time because for measuring the charge or current in this method because it's strongly dependent on the measurement distance and errors in the distance may yield large uncertainties in the source calibration.
Moreover, to minimize the contribution of scattered radiation, the source and chamber should be placed in the centre of the room and well above the floor (at least 1 m from any wall or floor). Because considering all this factors, to complete this calibration using in-air method required a lot of time. This make the well-type method was chosen to utilised in HUSM.
Determining the air Kerma strength using in-air measurement for an HDR brachytherapy source requires attention to positional uncertainty and transit effect. By waiting until the current stabilized following a source or chamber movement before beginning the charge collection, transit effects are eliminated. Room scatter was ignored because Goestch et al (1991) had reported that room scatter air-kerma rate contribution does not change over a distance of 10 c m to 40 c m. Thus, in this work the correction for room scatter and transit effect was ignored.
CONCLUSION
The result of 192 Ir source air kerma strength by the well-chamber was 2.7780cGym 2 /h while the in-air measurement was 2.609Gym 2 /h. As a conclusion, both results were within less than 3% with the source strength kerma from written in calibration certificate. The wellchamber calibration method is quite direct, reliable and less time consuming comparing to the in-air measurement. Thus, this method is recommended as a r outine method to calibrate HDR source for clinical used and utilized in Hospital Universiti Sains Malaysia (HUSM).
